The properties of neurons participating in masticatory rhythmogenesis are not clearly 29 understood. Neurons within the dorsal trigeminal principal sensory nucleus (dPrV) are 30 potential candidates as components of the masticatory central pattern generator (CPG). 31
in dPrV neurons in rat (p8-12) brainstem slices using whole cell and perforated patch 33 clamp methods. Nominal extracellular Ca 2+ concentration transformed tonic discharge in 34 response to a maintained step pulse of current into rhythmical bursting in 38% of 35 non-bursting neurons. This change in discharge mode was suppressed by riluzole, a 36 persistent sodium current (I NaP ) antagonist. Veratridine, which suppresses the Na + 37 channel inactivation mechanism, induced rhythmical bursting in non-bursting neurons in 38 normal ACSF, suggesting that I NaP contributes to burst generation. Nominal extracellular 39 Ca 2+ exposed a prominent afterdepolarizing potential (ADP) following a single spike 40 induced by a 3 ms current pulse, which was suppressed, but not completely blocked, by 41 riluzole. Application of BAPTA, a Ca 
Introduction 51
The trigeminal principal sensory nucleus is typically thought of as a sensory relay 52 nucleus to the thalamus. However, recently, cells within the dorsal region of the 53 principal sensory nucleus (dPrV) have been implicated as key participants in the 54 masticatory central pattern generator (CPG) (Kolta et al. 2007; Morquette et al. 2012; 55 Tsuboi et al. 2003) . These neuron reside within the boundaries of the minimal brainstem 56 regions consistent with masticatory rhythmogenesis (Tanaka et al. 1999) , have 57 projections to oral-motor nuclei (Yoshida et al. 1998) , and are rhythmically active during 58 mastication (Tsuboi et al. 2003) . Furthermore, many of these neurons show positive 59 labeling for c-FOS protein, an activity dependent marker, in response to bouts of 60 mastication (Athanassiadis et al. 2005) . 61
For vertebrate central pattern generating networks, such as locomotion, respiration, 62 and mastication, the structure of the underlying networks and the mechanisms for 63 rhythmogenesis have not been defined clearly, although recent progress using 64 molecular biological methods has been obtained (Brownstone and Wilson 2008; Kiehn 65 et al. 2010; Wilson et al. ; 2010) . Most likely masticatory rhythmogenesis is dependent 66 upon a combination of network driven properties (emergent properties) and intrinsic 67 conditional pacemaker properties (intrinsic bursters). Subpopulations of mesencephalic 68 CdCl 2 . Sodium currents were defined by subtraction of the currents remaining in 0.5 µM 119
TTX. 120
For voltage-clamp experiments performed to isolated I CAN , the internal solution 121 contained the following (in mM): 125 CsMeSO 3 , 10 CsCl, 1 NaCl, 10 HEPES, 0.5 EGTA 122 in 350 mM KOH, 3 Mg-ATP, and 1 Na-GTP; the external solution contained the 123 following (in mM): 115.25 NaCl, 3 KCl, 26 NaHCO 3 , 10 glucose, 2 CaCl 2 , 2 MgCl 2 , and 124 10 TEA-Cl, 4-AP(1mM), CdCl 2 (100 μM), TTX (0.5 μM) and antagonists of AMPA, 125 NMDA, glycine and GABA receptors (DNQX 20 µM, APV 50 μM, strychinne 20 μM, 126 bicuculline 20 μM) were added to the external solution to minimize network interactions. 127 BAPTA (10 mM), and Xestospongin C (XeC) (1 µM) were applied intracellularly through 128 the patch pipette. Veratridine (300 nM) and Thapsigargin (Thaps, 3 µM) were bath-129 applied. All drugs were purchased from Sigma (St. Louis, MO). 130 7 micropipette puller (Sutter Instruments, Novato, CA). Their bath resistance was 3-5 MΩ. 142
Signals were grounded by a 3M KCl agar bridge electrode (Ag/AgCl wire) mounted in 143 the recording well. Liquid junction potentials were measured between the pipette and 144 bath solutions and varied between 5 mV (normal pipette solution, I CAN solution), and 7 145 mV (sodium current isolation recording solution) and were corrected offline. Whole-cell 146 capacitance (C inp ) was determined from the integral of capacity current in response to 147 15-msec hyperpolarizing voltage commands or directly obtained by the pCLAMP 148 software during the experiment. Uncompensated series resistance (Rs) was calculated 149 from the decay time constant (tau) of the transient and was usually less than 10 MΩ. 150
Sixty to eighty percent compensation was routinely employed. Data were not collected 151 in the first 10 min after gaining whole-cell access. Spike threshold and depolarization 152 amplitude to burst onset were measured. Threshold for action potential initiation in 153 response to a brief 3 ms current pulse was defined as the membrane potential on the 154 rising phase of the spike where the dV/dT inflection was most prominent (typically 155 greater than 50 mV/sec). Spike amplitude was measured from baseline to peak. Input 156 resistance (R inp ) was determined from the slope of the steady-state voltage-current 157 relationship in response to a series of small hyperpolarizing current pulses from the 158 resting potential (within 10mV). The area of the ADP was measured by using Clampfit 159 v9.2 (Molecular Devices). The peak of the AHP immediately following the spike was 160 measured from the most negative trough to the initial baseline, while the post spike ADP 161 amplitude was measured from the most negative trough of the preceding AHP to the 162 peak of the ADP. 163
Nystatin patch experiments. We used the nystatin perforated patch method to obtain 164 baseline control data after obtaining a gigaohm seal and prior to intracellular drug 165 application (Sakmann and Neher 1995) . Nystatin (250 µg/mL) was added to the patch 166 solution immediately prior to use. To verify the integrity of the patch, we backfilled our 167 pipettes with a patch solution containing 0.5 % Lucifer yellow. Fluorescence was 168 confined to the pipette in the perforated patch condition. Subsequently, the patch 169 solution containing BAPTA, or XeC was delivered to the intracellular environment via 170 patch rupture, which allowed diffusion of drug from pipette to cytosol and filled the 171 neuron with fluorescent dye reflecting the whole-cell configuration. 172
Identification of trigeminal principal sensory neurons 173
Trigeminal principal sensory nuclei in a coronal slice were identified bilaterally under low 174 magnification (50×) as an opaque oval region lateral to the trigeminal motor nucleus 175 (Fig. 1A) . Following identification of the TMN, the visual field was moved to an area 176 within 200 μm lateral and 300 μm dorsal to the border of the center TMN. This placed 177 the recording pipette in approximately the dorsal region of PrV (gray lines). These 178 neurons were visualized at higher magnification (400×) and clearly identified as neurons 179 with small somata (around `8-20 μm) with various morphologies. Initial experiments 180 indicated that fusiform and pyramidal shaped neurons, in contrast to multipolar neurons, 181 seldom showed bursting in low Ca 2+ solution. Therefore, this study focused on 182 multipolar neurons only. 183
Histological procedures 184
To visualize neurons using confocal microscopy Alexa Fluor 568 Hydrazide or AlexaPrior to nominal Ca 2+ , the histogram shows a uniform distribution with peak around -47 233 mV (onset of spike discharge), while in the presence of nominal Ca 2+ two peaks are 234 evident, with the more depolarized peak indicating the induced region of plateau 235 potential and the more negative peak voltage indicating the trough of the interburst 236
interval. 237 Table 1 shows some electrical properties for the burst and non-burst neurons. 238
Interestingly, although the resting membrane potential and action potential amplitudes 239
were not significantly different between the two groups, for bursting neurons, the input 240 resistance (Rinp) was significantly lower and the input capacitance (Cinp) was 241 significantly higher compared to the non-bursting neurons. These data suggest a 242 qualitative difference in discharge characteristic between the two groups based upon 243 cell size. 244
Additional differences between burst and non-burst neurons in normal Ca 2+ media 245
were elucidated by examining changes in spike and AHP characteristics induced by a 246 short current pulse (3 ms) sufficient to elicit a single spike off the membrane 247 capacitance immediately following the pulse. The passive capacitive response just 248 subthreshold has been subtracted to give a more accurate representation of the spike 249 characteristics. In particular, compared to non-burst neurons, burst neurons had a 250 significantly more negative spike threshold, a smaller post spike early AHP and larger 251 subsequent ADP (Table 1 ), suggesting that burst neurons in general are more excitable. 252 Figure 2D shows the effects on the single Ca 
Persistent sodium currents contribute to burst depolarization 256
Previously, it was shown in dPrV neurons using current clamp methods that I NaP 257 contributes to bursting in low Ca 2+ media (Brocard et al. 2006) . To confirm these 258 observations and examine in more detail the participation of these currents to bursting 259 and ADP production, we performed additional current and voltage clamp experiments. 260
In current clamp mode in nominal Ca 2+ , riluzole (5-10 μM) was applied to the bath and 261 the effects on both rhythmical bursting in response to maintained membrane 262 depolarization and on spike characteristics induced by a short stimulus pulse were 263 examined. Typically, riluzole transformed rhythmical bursting into tonic discharge (n=5/5 264 neurons) (Fig. 3A,B ) and shifted the sampled membrane potential histogram from two 265 peaks to one peak during drug application (Fig. 3D) . Simultaneously, the amplitude and 266 duration of the underlying depolarization (Fig. 3B, inset) were reduced. This is more 267 clearly seen when a single spike was induced by a short stimulus pulse. During nominal 268 2+ conditions, the brief stimulus evoked a long duration plateau potential with a series 269 of repetitive spikes (Fig. 3E , control trace). As shown, riluzole reduced the amplitude of 270 the plateau potential following the stimulus (Fig. 3E , long dashed trace) (~17%, control 271 21.5 mV ± 1.08 vs riluzole 17.8 mV ± 0.93, p ≤ 0.001, n= 5), and the area of the plateau 272 potential (~27%, control 3415.4 mV · sec ± 1048.5 vs riluzole 940.2 ± 177.28, p ≤ 0.05, 273 n= 5), as well as the number of evoked spikes. 274
Ca
Additional evidence for a role for I NaP in bursting comes from experiments using 275 veratridine, a toxin that allows sodium channels to pass current longer by blocking the 276 sodium channel inactivation mechanism (Hille 2001). Bath application of 300 nM 277 veratridine produced rhythmical bursting in normal ACSF in 6/8 neurons tested, asshown in figure 4 . In control conditions, regardless of stimulus intensity, bursting was 279 not induced, but repetitive discharge was present without an underlying envelope of 280 membrane depolarization. As shown, in the presence of veratridine rhythmical bursting 281 was induced with spikes occurring on top of a prominent membrane depolarization 282 (Fig. 4B, inset arrow) . The inset shows a single burst and the underlying depolarization. 283 Figure 4C shows the sample membrane potential prior to, and after, veratridine. Note 284 the two prominent peaks in membrane potential after drug application. The effects of 285 veratridine on the short pulse induced spike are shown in figure 4D . After drug 286 application, the ADP was enhanced and a continuous depolarization and spike train 287 were induced. 288
Voltage clamp experiments were performed to determine the direct effects of 289 nominal Ca observed, the prolonged plateau potential (ADP) with over-riding spikes induced by a 358 short 3 ms stimulus pulse was reduced, as well (Fig. 7B) . BAPTA significantly reduced 359 the peak amplitude of the ADP induced by a short pulse stimulus by ~ 48% (control: 360 17.5 mV ± 1.8 vs BAPTA 10.0 mV ± 1.3, n=8, p ≤ 0.001) and area by 90% (control: 361 2410.9 mV ·sec ± 751.3 vs BAPTA 249.0 mV · sec ± 751.3, n=8, p ≤ 0.01,n=8, p ≤ 362 0.01). Typically, one or two spikes following the stimulus were observed after BAPTA 363
application. These data demonstrate that intracellular Ca Thaps application, bursting was transformed into spontaneous low frequency discharge 373 with a reduced underlying wave of depolarization (9/14 neurons, Fig. 8B ). Figure 8C  374 shows that after Thaps application, the sampled membrane potential now showed one 375 peak, indicating elimination of bursting. Furthermore, in response to a single short pulse 376 stimulus, the post spike ADP amplitude and area were reduced, significantly, by 28.8% 377 (control: 19.5 mV ± 1.2 vs Thaps 14.3 mV ± 0.67, n=7, p ≤ 0.001, and 83.0% (control: 378 2353.8 mV · sec ± 1933.3 vs Thaps 401.4 mV · sec ± 174.1, n=7, p ≤ 0.02) respectively 379 (Fig. 8D) . 380
Finally, we examined whether IP 3 R activation, which triggers Ca to diffusion into the cell (Fig. 9A ). Once the patch was ruptured and whole cell 385 configuration obtained, XeC diffusion transformed bursting into tonic discharge (Fig. 9B) . 386
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